Background: Little is known about the risk factors for glenohumeral joint instability. We hypothesized that a prior history
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burden of shoulder instability is also substantial and often leads to recurrent instability 8 and glenohumeral osteoarthritis 9 . Ogawa et al. 10 reported that nearly one-third of shoulders examined with use of computed tomography (CT) prior to initial shoulder stabilization had signs of osteoarthritis, with the number of prior instability events being associated with degenerative changes. Despite the impact and long-term burden of shoulder instability events, we still know little about the prospective risk factors associated with these injuries 3 .
A self-reported history of prior injury has recently been examined as a prospective risk factor for subsequent injury [11] [12] [13] [14] . A study examining the incidence of injuries among high-school athletes reported that self-reported history of prior injury was the second most important risk factor for subsequent injury 12 .
Subjects with a history of shoulder injury were nine times more likely to experience a subsequent shoulder injury during the follow-up period; however, the authors did not specifically limit their injury outcome to shoulder instability events 12 . Despite high rates of recurrent instability following initial instability events, no studies to our knowledge have prospectively examined whether a self-reported history of prior injury is associated with the subsequent risk of acute shoulder instability events.
The purpose of this study was to examine the association between self-reported history of shoulder instability and the subsequent risk of acute traumatic instability events during four years of follow-up among students entering the United States Military Academy (USMA) at West Point, while controlling for the influence of baseline physical examination findings and other potential confounding variables. Our research hypothesis was that a self-reported history of glenohumeral instability would be associated with the subsequent likelihood of acute traumatic instability events.
Materials and Methods
Design and Setting W e conducted a prospective cohort study over a four-year period within a high-risk group of young athletes to address the research hypothesis. Subjects were freshmen entering the USMA in June of 2006. Part of the baseline assessment included documenting a prior history of instability. All subjects were followed for subsequent glenohumeral joint instability events until graduation from the USMA in May of 2010. The primary outcome of interest in this study was time to glenohumeral instability event during the follow-up period from June 26, 2006, through May 22, 2010. We examined injury outcomes for any instability, anterior instability, and posterior instability events. During the follow-up period, all members of the cohort were required to participate in physical education courses, competitive sports, and military training activities. A detailed description of these requirements has been presented previously 15 , as were data regarding the high risk for shoulder instability events associated with these requirements 2 . Our institutional review board reviewed and approved this study prior to initiation.
Subjects
All 1311 members of the entering freshman class of 2010 at the USMA were solicited to enroll in this study and 80% (1050) agreed to participate and provided informed consent. Of these 1050 subjects, complete baseline data were obtained for 714 subjects who composed the final cohort. Only subjects who completed all baseline visits for data collection were included in the final cohort. Subjects with a history of prior surgical stabilization for glenohumeral instability were excluded from the analyses. Of the 714 subjects, 630 (88%) were males and eighty-four (12%) were females, which is consistent with the general population at the USMA 16 . All subjects were deemed healthy and medically fit for military service prior to admission to the academy through the Department of Defense Medical Evaluation Review Board. In addition, there were few physical examination findings associated with shoulder instability noted at baseline within this cohort 17 .
Injury Definitions and Surveillance
All cadets receive their medical care through the closed health-care system at the USMA, and all injuries are evaluated through its associated sports medicine and orthopaedic clinics 15 . As a result, all shoulder instability injuries are evaluated by the orthopaedic surgeons at Keller Army Hospital 15 . All acute shoulder instability events that occurred during the follow-up period between the enrollment date on June 26, 2006, and the administrative end of the study on May 22, 2010, were classified, according to the criteria described by Owens et al. 18 , as complete dislocations if a manual reduction was required and subluxation events if no reduction was performed. Instability events were classified as anterior in direction on the basis of a documented anterior dislocation event or by evaluation of history, physical examination, imaging, and findings at surgery (if performed). Posterior events were classified in a similar fashion. In addition, all injured subjects completed an injury questionnaire at the time of injury to help further classify the nature and mechanism of the injury. All incident cases that occurred during the follow-up period were reviewed by a single, sportsmedicine fellowship-trained orthopaedic surgeon (B.D.O.) who was blinded to the baseline status and history of each subject with shoulder instability.
We conducted active surveillance within the study cohort during the followup period to identify all acute shoulder-instability events. Because all cadets are required to participate in athletics, these injuries are documented in multiple electronic databases that were used for injury surveillance. Because of the closed health-care system at our institution and the available injury surveillance resources, our ability to detect any injuries during the follow-up period was excellent.
Covariate Definitions
A self-reported history of glenohumeral joint instability prior to enrollment was the primary risk factor of interest for instability events during the follow-up period in the current study. History of glenohumeral joint instability was identified through a baseline questionnaire that was administered to all subjects in their first week at the academy 16 . Two items were specifically used to identify prior glenohumeral joint instability: (1) Have you ever dislocated (needed to be put back into place) either shoulder? (2) Have you ever had a shoulder subluxation (shifts out of place-but does not need to be put back in position)? Additional items related to the type of instability event, side injured, arm dominance, and mechanism of injury, as well as demographic information (e.g., sex and race) were also included in the baseline questionnaire.
A baseline physical examination that was focused on shoulder instability was also performed bilaterally on all subjects upon entry into the cohort, the details of which have been described previously 17 . Briefly, the examination consisted of a load-shift (anterior, posterior, inferior) maneuver, anterior apprehension test, relocation test, sulcus-sign test, and assessments of scapular dyskinesis and ligamentous laxity. None of the subjects had multidirectional instability at the time of the baseline physical examination. Because these baseline physical examination findings have been associated with a self-reported history of shoulder instability 16, 17 , we wanted to control for these factors in our analysis to determine if a selfreported history of instability was associated with the likelihood of sustaining a subsequent instability event during the follow-up period in our cohort.
Outcome Measures
The primary outcome of interest in this study was time from baseline (June 26, 2006) to a subsequent glenohumeral instability event during the follow-up period. We examined injury outcomes for any instability, anterior instability, and posterior instability events based on the injury definitions described above. Accurate follow-up time was available through the office of institutional research at the USMA and was based on dates of entry, injury, separation, and graduation. Follow-up time was measured in days during the study period from entry into the cohort on June 26, 2006, until a subject (1) sustained a subsequent glenohumeral instability event, (2) left the USMA due to separation prior to graduation, or (3) reached the administrative end of the study at the time of graduation on May 22, 2010. Subjects sustaining an incident glenohumeral instability event during the follow-up period were censored at the time of initial diagnosis and contributed no further time to follow-up during the study period.
Statistical Analysis
We calculated standard descriptive statistics, including frequencies for categorical variables and means and standard deviations for continuous variables, within the study cohort. Using the Kruskal-Wallis test, we compared the number of years from a prior instability event until enrollment in the study at baseline between the subjects who went on to have an acute instability event and the subjects who did not. We evaluated injury outcomes for any instability event, anterior instability event, and posterior instability event separately. Initially, Kaplan-Meier survival estimates were plotted to compare the differences in the injury rates with regard to acute glenohumeral instability events between groups on the basis of self-reported history of glenohumeral instability at baseline. Univariate and multivariable Cox proportional-hazards regression models were used to estimate the time from entry into the cohort until incident glenohumeral instability event during the follow-up period, with shoulder nested within each subject as the unit of analysis. Robust standard errors were used to calculate confidence intervals (CIs) and p values to account for correlation between shoulders within each subject. Based on an examination of the proportional hazards plot, the proportional hazards assumption appeared to be adequately satisfied. Initially, we calculated hazard ratios (HRs) and 95% CIs by self-reported history of glenohumeral instability at baseline, using those with no prior history of instability as the referent category. Multivariable analytical models were also used to control for the influence of demographic and baseline physical examination findings for instability on the association between a self-reported history of glenohumeral instability at baseline and the rate of acute shoulder instability events during follow-up. The final multivariable model included history of glenohumeral joint instability, sex, height, weight, race, and baseline physical examination findings (total Beighton scale score on a scale of 0 to 9 16 , anterior translation, posterior translation, inferior translation, sulcus sign, and relocation sign).
Source of Funding
This study was aided by a grant from the Orthopaedic Research and Education Foundation.
Results
A mong the 714 subjects in the cohort, 630 were male (average age plus standard deviation, 18.8 ± 1.0 years; average height, 178.5 ± 7.5 cm; and average weight, 76.1 ± 12.9 kg at baseline) *Adjusted for sex, height, weight, race, and baseline physical examination findings (total Beighton score, anterior translation, posterior translation, inferior translation, sulcus sign, and relocation sign). †For the hazard ratio (HR), those with no history of glenohumeral joint instability at baseline served as the referent group. Kaplan-Meier survival estimates by prior history of glenohumeral instability at baseline for any instability event during the follow-up period.
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and eighty-four were female (average age, 18.7 ± 0.9 years; average height, 165.4 ± 7.0 cm; and average weight, 63.2 ± 9.1 kg at baseline). Baseline data were available for 1428 shoulders (n = 714 subjects). Eight shoulders were excluded from the analyses due to prior surgical stabilization for glenohumeral instability, leaving 1420 shoulders, of which 118 had a self-reported history of instability. Of the 118 with a self-reported history of instability at baseline, twenty-eight reported a history of dislocation, seventy-six reported a history of subluxation, and fourteen reported a history of both dislocation and subluxation. There were forty-six (thirty-nine anterior and seven posterior) acute instability events documented in the cohort during the follow-up period, and surgery was subsequently performed in thirty-one (67.4%) of the forty-six shoulders. Overall, the cumulative incidence of any acute glenohumeral instability event during followup was 12.7% (fifteen of 118; 95% CI: 7.1%, 21.0%) among shoulders that had a self-reported history of instability at baseline, as compared with 2.4% (thirty-one of 1302; 95% CI: 1.6%, 3.4%) in shoulders with no self-reported history of glenohumeral instability at baseline. Among those with a self-reported history of instability at baseline, there was no significant difference in the number of years from the time of prior injury to the time of enrollment in the study cohort (p = 0.945). The median time from previous instability injury to enrollment was one year (interquartile range [IQR] = 1.5 years) for both the group that experienced acute instability events during the follow-up period and the group that did not. Demographic data by history of instability at baseline are presented in the Appendix. Univariate Cox proportional-hazards analyses revealed that subjects with a self-reported history of glenohumeral instability at baseline were more than five times more likely to sustain an acute (anterior or posterior) instability event during the follow-up period (Table I) . Kaplan-Meier survival estimates for the rate of any instability event during follow-up by group are presented in Figure 1 . Subjects with a history of instability at baseline were also 5.6 times more likely to experience an acute anterior instability event (Fig. 2 ) and 4.6 times more likely to experience an acute posterior instability event (Fig. 3) during follow-up. Results were similar when a history of dislocation and a history of subluxation at baseline were examined independently; however, the magnitude of the hazard ratios was greater for those with a prior dislocation (Table II) . Kaplan-Meier survival estimates by prior history of glenohumeral instability at baseline for anterior instability events during the follow-up period.
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Similar results were observed in multivariable models for the relative hazard of each glenohumeral instability injury outcome during the follow-up period (Table I) . After adjusting for the influence of demographic and baseline physical examination findings, subjects with a self-reported history of glenohumeral instability at baseline were 4.3 times more likely to experience an acute instability (anterior or posterior) event during the follow-up period. The multivariable results for acute anterior instability events during the follow-up period were similar to those observed for any instability event. After adjusting for the other variables in the model, subjects with a prior history of shoulder instability at baseline were nearly four times more likely to experience an acute anterior instability event during the follow-up period. Self-reported history of glenohumeral instability at baseline was also associated with the relative hazard of sustaining an acute posterior instability event during the follow-up period, after controlling for the other variables in the model. Those with a self-reported history of glenohumeral instability at baseline were nearly nine times more likely to sustain an acute posterior instability event during the follow-up period, after adjustment.
Discussion W e conducted a prospective cohort study to determine if a self-reported history of glenohumeral joint instability at baseline was associated with the rate of subsequent injury during four years of follow-up in a young and active population previously determined to be at high risk for shoulder instability 2 . Subjects with a history of glenohumeral joint instability were much more likely to experience an acute instability event during the follow-up period, regardless of the direction of instability, in both univariate and multivariable models.
Based on an examination of the Kaplan-Meier survival curves, those with a history of glenohumeral joint instability at baseline experienced higher rates of acute instability events earlier in the follow-up period, with most experiencing a subsequent instability event within the first two years of follow-up. These findings are very similar to those reported by Robinson et al. 19 who also noted that 87% of recurrent instability events, in their cohort of patients who were managed nonoperatively, occurred within the first two years following primary anterior dislocation. They also reported that age and sex were associated with the subsequent risk of instability in their cohort. In contrast, sex was not associated with the risk of acute instability events during the follow-up period, in either univariate or multivariable analyses, in the current study. Furthermore, because age was relatively homogeneous within our population, we were unable to adequately evaluate the association between age and the subsequent risk of glenohumeral instability. The survival rates among those with a self-reported history of instability in the current study and the time to subsequent injury are also comparable with those previously reported in a prospective cohort study examining the results of nonoperative treatment following acute anterior shoulder dislocation and the time to subsequent surgical intervention 20 . The same study also reported no differences in time to subsequent surgical intervention by sex, which is comparable with our findings for time to subsequent injury.
Several prospective studies have reported that a history of prior injury is an important independent risk factor for subsequent injury [11] [12] [13] [14] . Van Mechelen et al. 11 reported that athletes with a history of injury at baseline, as compared with those with no prior history, were nearly 9.5 times more likely to experience a subsequent injury during follow-up and that a prior history of injury was the most important risk factor associated with subsequent injury. Similarly, Knowles et al. 12 , in a prospective study of injury incidence among high school athletes, reported that a history of injury at baseline was one of the most important risk factors Kaplan-Meier survival estimates by prior history of glenohumeral instability at baseline for posterior instability events during the follow-up period.
associated with the subsequent risk of injury. To our knowledge, the study by Knowles et al. 12 is also the only prospective study to specifically examine shoulder injuries. Within that study cohort, subjects with a self-reported history of shoulder injury were nine times more likely to experience a subsequent shoulder injury during the follow-up period; however, the authors did not specifically limit their injury outcome or history to shoulder instability events 12 .
In contrast with the current study, while the authors controlled for many potentially confounding variables in their analyses they did not account for baseline physical examination findings consistent with shoulder instability.
Hovelius et al. 21 reported that 57% of the patients with primary anterior shoulder dislocation who were managed nonoperatively in their prospective cohort experienced subsequent dislocations during long-term follow-up. Similarly, Robinson et al. 19 reported that 56% of the patients with primary anterior shoulder dislocation who were managed nonoperatively in their prospective cohort experienced subsequent dislocation within two years following the initial injury; however, this value increased to 67% after five years of follow-up. In contrast, Sachs et al. 20 reported that only 33% of the acute traumatic anterior dislocations initially managed conservatively in their prospective cohort experienced at least one subsequent dislocation during an average of four years of follow-up. A primary limitation of these studies is that the investigators were unable to compare their results to a similar group of patients who had no history of glenohumeral joint instability at baseline. Another important limitation was the relative heterogeneity in age and activity level within the study populations. These studies also failed to report transient luxation events (subluxations).
Although high rates of recurrent instability have been well documented following initial glenohumeral joint dislocation 19, 21 injuries, no studies to our knowledge have prospectively examined the subsequent risk of acute shoulder instability injuries in a group of patients with a history of shoulder instability who were treated nonoperatively in comparison with a group with no history of shoulder instability. In the current study, we examined the relative hazard for acute glenohumeral instability events during a four-year follow-up period in a large cohort with relatively homogeneous age and physical activity requirements. Subjects with a self-reported history of glenohumeral joint instability and no history of surgical stabilization were approximately four to nine times more likely to experience a subsequent instability event (regardless of direction) after controlling for the influence of baseline demographic and physical examination findings consistent with shoulder instability. Despite the increased hazard of recurrent instability in our study population, the cumulative incidence of acute instability during the follow-up period was only 12.7% in those with a history of instability at baseline. This is likely due to the select nature of our cohort, which was medically screened for admission to our institution, and the fact that few subjects had any abnormal physical examination findings consistent with instability at baseline 17 .
The findings of the current study, as well as those of previous studies 2, 12 , confirm the importance of the primary prevention of shoulder instability injuries in young athletic populations. In addition to having high rates of recurrent instability, those with a history of instability are also at increased risk of having serious damage to the joint capsule 22 , subsequent glenohumeral osteoarthritis 9, 10, 23 , and increased mortality rates 24 . In a recent study, it was reported that 31.2% of shoulders examined with CT prior to initial shoulder stabilization had signs of osteoarthritis, with the number of prior instability events being associated with degenerative changes 10 . Glenohumeral instability injuries may also lead to socioeconomic impacts, including career limitations, increased medical costs, and potential loss of income. Although the orthopaedic and sports-medicine communities have made appreciable advances in the identification of modifiable risk factors associated with anterior cruciate ligament injuries in the knee and in the development of injuryprevention programs to address these risk factors, comparable progress in the area of shoulder instability has yet to be realized. To prevent shoulder instability injuries, we need to prospectively identify the modifiable risk factors associated with these injuries so that we can develop interventions to target these factors 25 .
As with any investigation, the current study has important limitations. We relied on a self-reported history to document previous glenohumeral instability events, which raises the potential of recall bias. However, previous studies have demonstrated similar results for a self-reported history of injury as a risk factor for subsequent injury 12, 13 . Furthermore, because only 714 of the 1050 subjects who consented were able to complete all baseline data collection visits, we cannot rule out the potential influence of selection bias in our cohort. However, those who did not complete all baseline data collection visits were similar to the 714 who did, based on the demographic data presented in the Appendix. Although we enrolled 714 subjects, only forty-six acute glenohumeral instability events were observed during the follow-up period, and this likely influenced the precision of our hazard ratio estimates. Finally, because there were very few subjects with a prior history of glenohumeral instability that required surgical stabilization prior to enrollment, we were unable to compare those treated nonoperatively and those treated surgically in the current study.
Despite the limitations noted above, we performed a large prospective cohort study to determine if a self-reported history of glenohumeral joint instability at baseline was associated with a subsequent risk of injury during four years of follow-up in a population at high risk of sustaining shoulder instability. Because of the prospective nature of this study, we were able to control for the influence of baseline demographic and physical examination findings for glenohumeral instability during our analyses. Due to the closed health-care system at our institution, we were able to capture all subsequent glenohumeral instability events within the study cohort during the follow-up period.
Conclusions

D
espite meeting the rigorous physical induction standards for military service, subjects with a prior history of glenohumeral joint instability were over five times more likely to experience an acute glenohumeral instability (anterior or posterior) event, within the high-risk athletic population studied. Results were similar when anterior and posterior instability injuries that occurred during follow-up were examined independently, and after controlling for the influence of baseline demographic and physical examination findings for glenohumeral instability. The results of the current study emphasize that a self-reported history of glenohumeral instability is an important independent risk factor for subsequent shoulder instability injury, regardless of the direction of the instability.
